When people are working on the same project, they have several advantages having to do with collegial communication. They know each other (who to talk to for what), have common ground (a vocabulary and methods known to both), and have an implicit obligation to pay attention to each other and respond. When people are copresent, these informal exchanges take place in the hallway, a cafeteria, or other meeting places (Kraut et al. 1993) . The mere physical presence of another person creates an obligation for people to engage (Kiesler and Cummings 2002; Kraut, Egido, and Galegher 1988) . When people are distant from each other yet part of the same community of scholars, however, they, too, feel an obligation to pay attention to each other and respond.
How Scientists in Developing Countries Are Disadvantaged
In addition to the literature about science in developing countries, we borrow here from the literature on the differences in productivity in prestigious and less prestigious institutions, since most (but not all) institutions in developing countries are less prestigious than those in developed countries.
Institutions with higher prestige have more productive individuals partly because more resources are available (Allison and Stewart 1974; Crane 1965; Fox 1991; Hargens and Hagstrom 1967; Zuckerman 1988) . These resources include laboratory facilities, computers, library holdings, graduate student skills, and time available for research. Harriet Zuckerman (1988) found that about 0.3 percent of the universities were granted 21 percent of the funds available to U.S. colleges and universities in [1979] [1980] , with the next 0.7 percent receiving an additional 43 percent, leaving the remaining 99 percent of the institutions to share the remaining 35 percent. Developing countries generally spend much less than 1 percent of their gross domestic product on scientific research, whereas developed countries spend between 2 and 3 percent (UNESCO 2005) . Scientists in some developing countries have neither advanced laboratory equipment nor the skilled permanent personnel to operate and maintain it (chapter 19, this volume; Gaillard 1991) .
Scientists from developing countries have been seen as isolated on both informational and interpersonal dimensions (Davidson, Sooryamoorthy, and Shrum 2002) . The opportunities for scientists from developing countries to access timely scientific information have been seriously limited, although as more scientific information is on the Internet, this gap may be closing. Scientists in developing countries are also isolated interpersonally. They usually have smaller research communities and tend to be dispersed over long distances. Infrastructure problems with transportation and communication hinder scientists in developing areas from engaging in regular collegial communication as well as benefiting from the intellectual stimulation that accompanies contact. Jacques Gaillard (1991) found that scientists in developing countries in-teract only with colleagues in the same institute, or even often in the same department or research unit.
How Collaboratories Promise to Provide Advantages
Collaboratories provide remote access to instruments and data. For example, the Protein Data Bank is a centralized resource where investigators deposit 3-D macromolecular structures. The Protein Data Bank was developed first among a consortium of institutions in the United States, now with mirror sites in Europe and Asia. It contains over twelve thousand structures, and is accessed sixty thousand to a hundred thousand times a day (Arzberger and Finholt 2002 ). Such collaboratories make it possible for scientists in developing countries to reach the data they could not get previously. 1 Another collaboratory, TB Structural Genomics Consortium, provides centralized facilities that carry out routine tasks such as protein production, crystallization, and X-ray data collection for its members from 134 labs in 79 institutions in 15 countries.
Collaboratories usually require their members to adopt the same technology, the same data format, and the same workflow across different sites. Standardization promises to help scientists learn from each other (Nentwich 2003) , and adopt and implement more advanced technologies and management practices.
Many collaboratories also offer forums for both formal and informal communication. In addition, by being designated as members of the collaboratory, scientists from developing countries become known as having some legitimacy, and consequently other members have an implicit obligation to pay attention to them. Collaboratories help scientists stay informed about who is doing similar research, and with whom they can communicate and collaborate.
Potential Barriers to Realizing the Promise
Despite the new opportunities for scientific collaboration afforded by collaboratories, we know that distance still matters (Olson and Olson 2000) . Although data and instruments are online, access requires advanced computer systems and network infrastructure. Data sharing calls for great computer capacity to process large quantities of data. Unfortunately, the digital divide exists in developing countries at least as much as it does in the United States. Greater benefits from the Internet accrue to people with higher social and economic status, and whose resources empower them to adopt the Internet sooner as well as more productively than their less well-off neighbors (DiMaggio et al. 2001) . A 2003 report compared network access for three regions: the European Economic Area, the ten countries that joined the European Union in May 2004 , and a number of other countries neighboring the European Union (Williams et al. 2003) .
The core capacity of research networks in the second group of countries was one-fifth of the first, and one-twenty-fifth in the third. This implies that only those researchers in countries that have a high-capacity research network will be able to take full advantage of collaboratories. Those without will suffer further research exclusion.
Although networks increase the possibility for scientists to reach a larger group of like-minded researchers, it cannot guarantee that communication will take place or be effective. Communication via text is less rich than face-to-face interactions, and even communication over video is not as good as face-to-face. The obligation to respond to someone is far greater in face-to-face communication than in e-mail or discussion forums on the Internet. In addition, the probability of cultural miscommunication is much higher in text-based conversations than face-to-face discussions because of the lack of immediate feedback about how a message was received (Olson and Olson 2000) . Dispersion has a number of other effects (O'Leary and Cummings 2007) . Spatial distance reduces the probability of spontaneous communication (Burke et al. 1999; Dennis et al. 1988; Saunders, Van Slyke, and Vogel 2004) . And when the people attempting to communicate are many time zones apart, problem solving has to take place asynchronously rather than in real time (Grinter, Herbsleb, and Perry 1999; Herbsleb et al. 2000; Malone and Crowston 1994) . When people are isolated from collaborators, they have a decreased awareness of what others are doing (Armstrong and Cole 2002; Dennis 1996; Tan et al. 1998) . And when the participants are amassed primarily in one area (as in the developed countries), the remote participants are likely to feel less empowered and more influenced by the majority (Allmendinger and Hackman 1995; Kabanoff 1991; Mannix 1993) , thereby reducing the potential creativity that comes from diversity.
The potential barriers to realizing the promise are substantial. Yet we do not know how they play out in real scientific collaborations, which is why we instituted this study.
Data Collection
From the nearly two hundred collaboratories identified by the Science of Collaboratories project (see the introduction to this volume), we found eight that had participants from developing countries (see table 20.1). We interviewed thirty-one scientists from China, Korea, New Zealand, South Africa, Morocco, and Taiwan. We also interviewed eight U.S. scientists and one European scientist who participate in the same collaboratories as the scientists from developing countries. Airong Luo, who speaks fluent English, Korean, and Chinese, conducted the interviews. She translated the interviews into English, conveying the meaning of the conversation, but not necessarily wordby-word literal translation. Thus, the passages in quotes used for evidence are true to their meaning but are not direct quotes. All the collaboratories we studied were distrib-uted research centers, providing access to data, instruments, and colleagues (chapter 3, this volume).
In order to check whether these sciences in the developing world were indeed nonworld-class ones (e.g., China does world-class seismology research; Wagner et al. 2001 ), we examined the relative impact of publications in the past ten years in the fields we studied. They were all below the world average. 2 We interviewed the participants on how they became involved in the collaboratory, the benefits they experienced, and the barriers to its use. They described their collaborative work, the frequency of communication, and the technologies they used for communication. We also examined the Web content, such as Web forums and meeting minutes provided on the Web sites of the collaboratory projects. In addition, we reviewed documents such as annual reports.
The Results
Collaboratories enable scientists from developing countries to reach resources and communicate with scientists from developed countries. However, the ways in which scinetists achieve this are governed by many sociotechnical and cultural factors. Because of distance, the size and dispersion of collaboratories, funding situations, and their local communication infrastructure, scientists from developing countries encounter more barriers than do their collaborators in the developed world.
Resources
As discussed above, one of the potential advantages of collaboratories is that they enable scientists to access instruments they would not be able to afford. As Dr. B from New Zealand in Collaboratory E said: ''One of the biggest benefits of the collaboratory is to help us reach the facilities in the United States. The person who runs the beam line collects the data for us and processes them, and sends them back.'' Similarly, a Korean scientist in another collaboratory told the story that when he was going to look for funding to build facilities for Korean scientists in his field, he found that there was such a collaboratory in the United States already and that he could use the facilities remotely. In two of the collaboratories we studied, the scientists can send their samples to the United States to have their data analyzed by instruments there. In exchange, their results are made public after the original scientists have had them for a certain time.
Collaboratories D and E require their members to deposit data into their databases. They share their recent work and unpublished data so others can obtain information about current work in a timely way. They help avoid scientists duplicating each other's work. Scientists even share when and how their experiment was done, what kinds of materials were used, and so on. Dr. S. from Collaboratory E reported: ''[When conducting experiments], you have to try a lot of different procedures. Someone finds out that some procedures were better than other procedures. . . . f you have some information from other people about what is the shortest way and which can take the least time, that is very useful information. So we can share experiences.'' Communication Many collaboratories hold annual meetings, where participants can get to know each other and present their research findings. Participants value the personal contact they have with other scientists at these meetings. When asked how conferences help, Dr. B from New Zealand commented: ''Talking to other investigators . . . often helps to clear any problems, any questions. It's just the personal contact that is very valuable. Although I already knew some of the people before [the collaboratory] was formed, there were many more who became part of it since then. And I got to know them from a number of conferences.'' Similarly, Dr. L. from Korea said: ''Only after you meet people, you can have a feeling about what kind of people they are. You can know whether you want to collaborate with them and how to collaborate with them. We meet people at conferences.'' Unfortunately, not all the scientists from developing countries have the money to travel, and most of the annual meetings and conferences are in the United States or Europe.
In some collaboratories, all presentations from the conferences are posted online, so people who could not attend have a chance to know what was presented. Dr. N., a Chinese high-energy physicist in Collaboratory F, reported that he could seldom go to the conferences because of budget and visa problems, but he ''read'' most of the presentations. This point was echoed by his colleague, Ms. Y., who said that their collaborators in the United States posted the documents that describe their working process online, and since they were latecomers to the project, she would go to the Web site to find answers to her questions.
In a number of collaboratories, the most significant success is having the scientists from developing countries learn the procedures. Dr. J., a Chinese AIDS research in Collaboratory A, mentioned that he had not realized that his work was not of high quality until he collaborated with his partners in the United States. Helearned quality control procedures. Similarly, in Collaboratory G, Dr. C., a Chinese high-energy physicist, remarked that
We were very impressed by the way our American collaborators conduct their mass-production quality control. For every chamber, they have a book [of guidelines for mass-production quality control], which describes the detailed regulation for each process, from how to prepare the parts to testing and cleaning the parts. For each step, people who are in charge should sign the documents so that it will be easy to assign responsibility if problems occur. . . . I learned the management process and brought it back to our lab in China. . . . Later, scientists and engineers from other labs in our institute visited our lab and borrowed our experiences.
Some analysis techniques involve tacit knowledge requiring time to learn, and are learned by watching others do the analyses. For example, in one collaboratory, AIDS researchers need to learn to use what is called an Elispot method. Scientists judge that spot size denotes a positive reaction. As a Chinese doctoral student, Mr. H. remarked that ''when we first used this Elispot reader, we were not sure whether we were making the right judgments. Then I was sent to the lab in the United States where scientists are more experienced in this technology and worked with them for about one month. I conducted experiments there and I observed how they made judgments for the test results. Then I became more confident.'' Working side by side with scientists from developed countries also affected scientists' motivations. Dr. W., an AIDS researcher in China, said that the U.S. scientists' motivations were to obtain recognition by the scientific community, encouraging them to do their best work. Dr. W. noted that in China, the scientists focused more on being recognized in their own institution, to be promoted. Dr. W.'s colleague, Dr. Q , told a story of one of his U.S. colleagues: ''Once one of our American colleagues came to our lab to help us with an experiment. We arranged sightseeing for her during the last day of her stay here. Two days before she went back, the experiment was finished. The result was satisfying, but she wanted it to be better. So she gave up the sightseeing opportunity and continued with the experiment until we got better results.'' Many collaboratories do communicate in other ways than face-to-face. Some collaboratories use videoconferencing systems for communication and talking about visual aspects of the data. Unfortunately, like support for travel, many developing country scientists cannot afford expensive videoconferencing systems, and thus lose out in participating in the conversation. An AIDS researcher from China stated:
Currently when we have a teleconference, we can only discuss the data. But we can't view the data and discuss the data at the same time. When we discuss the data, we only do oral interpretation. I think this is the largest deficiency. In the process of research, if you can't view the data, and only listen to people describing them and express your opinion, it will be too limited. It will depend on whether the describer can describe correctly and whether people who try to understand can understand correctly.
Many collaboratories encourage informal communication through e-mail, instant messenger, and Web forums, and yet they are seldom used. The fact that they are in widely different time zones discourages the use of instant messaging. Tele-and videoconferencing are used for more formal and scheduled communication, such as discussing research plans. Some who did not use the Web forums claimed that they were not well designed and intuitive. In addition, distance communication tends not be effective unless people have some personal contacts before. For example, a participant from Taiwan and Korea in Collaboratory D reported that they seldom contacted other collaboratory members. Rather, they saw the only benefit of the collaboratory being the data analysis service. A participant from the United States, in contrast, was in contact with other members, but only those he met personally at the annual conference.
Some collaboratories require scientists to communicate their activity and research methods through the databases. Unfortunately, ''out of sight, out of mind,'' scientists forget to comply. Without reminders, they do not pay attention to the needs of the scientists in the developing countries. On the other hand, in one collaboratory, since the Chinese scientists can attend at most two of the four annual conferences due to their limited travel funding, and can seldom participate in videoconferences due to the time difference and poor communication infrastructure, the U.S. and European scientists often feel they do not know what is going on in China.
Other Barriers to Success for Collaboratory Scientists from Developing Countries Some local restrictions hinder the productivity of scientists in developing countries. For example, some collaborations require the exchanges of reagents of blood samples. In the United States, there is a sophisticated social system to support the transporting and exporting of reagents or other materials. Research universities in the United States usually have a service that helps scientists do this. But in developing countries such as China, the scientists have to do this kind of work themselves. For instance, scientists often need to contact an airline directly and seek its help.
The Chinese government also imposes strict restrictions on exporting materials related to biological research. The scientists have to apply to different levels of government offices to obtain permission to export blood samples to the United States. Dr. J., the AIDS researcher in Collaboratory A, reported that it took seven months to export the blood samples that their U.S. partners needed. For the U.S. scientists, it took three days.
Conclusions and Implications
Being a member of a collaboratory from the developing country does provide benefits. The primary advantage is having access to data and instruments. Although there is some communication, it is much more formal than informal. Videoconferences are used for scheduled meetings; some people participate in Web forums, but not as many as one would hope. The scientists in developed countries forget to post their activities, and do not implicitly pay attention to the remote scientists. Informal communication takes place much more frequently at face-to-face conferences, although the formal presentations are put online for those who could not travel. Learning new procedures and tacit knowledge happens again face-to-face with scientists from developing countries traveling to the laboratories in the developed countries. The barriers to productivity appear to be less about infrastructure (e.g., networking and processing capacity) than about cost. There is less spontaneous communication, it is less rich, and there is less awareness of what is going on in remote locations. It is easy to see why these scientists might feel less empowered.
It appears that the full value from the collaborations will come only when there is sufficient money for travel to conferences and long laboratory visits. We can hope for technology solutions (e.g., high-resolution video/data displays or easy-to-use Web forums), but most of the progress is likely to be in social systems-having funding agencies understand the importance of face-to-face encounters to supplement the data sharing and remote instrument use, and incentive systems to encourage the entry of more informal information in the shared database. Notes 1. In the taxonomy developed by the Science of Collaboratories project, the Protein Data Bank is classified as a community data system; see chapter 3 (this volume).
2. See hhttp://www.in-cites.comi.
